Because of technical difficulties in the handling of lipids in cytological and histological examinations, in which organic solvents are usually applied, there has been a limitation in the investigation of fat cell morphology. The reason has been that when these chemicals were applied to adipose tissue, lipid in the cytoplasm has been lost and the cytoplasm showed only a homogeneously amorphous structure.
Thus there could not be found any visible difference in accumulated lipids under variable experimental conditions. Therefore, the descriptions in many investigations performed on adipose tissue have been limited to only the cytoplasmic appearance of fat cells (BARRNETT, 1962) . However, lipid accumulation is a main component of fat cells, and further, it seems reasonable to suppose that the biochemical compositions of lipid accumulation presumably change according to metabolic states of the cells.
The freeze-etching technique developed recently in the field of electron microscopy (MOOR and MULETHALER, 1963) seems to be applicable to the investigation of fat cells, especially fat deposition, because this procedure does not use any organic solvent in the preparation of specimens.
If the biochemical components in the lipid of the fat cells are changeable according to metabolic states of the cells, these dynamics may be reflected in their morphology.
The present paper presents for the first time the morphology of lipid accumulations of fat cells under several experimental conditions as well as that of normal control animals using freeze-etching preparations.
Materials and Methods
Epididymal adipose tissue of normal and fasted (3 and 6 days) male rats of the Sprague-Dawley strain, weighing 100-250g, were used. The rats were killed by decapitation and small pieces of the adipose tissue were removed.
The materials were immersed for 1hr in an ice cold mixture (solution 1) of 5ml of a 40% glycerol solution in 0.9% sodium chloride and 0.05ml of 2.5% glutaraldehyde solution in 395 phosphate buffer, pH 7.4. After immersion the tissues were rapidly frozen in liquid Freon 22 cooled in liquid nitrogen; then they were stored in liquid nitrogen until they were transferred to a freeze-etching apparatus (EE-FED type, JEOL) operating and etched in the equipment. The surface of the cleaved specimen was coated with platinum paladium and then with carbon. The resulting replica was released from the tissue by immersion in Heiter (a commercial product containing sodium hydride and sodium hypochloride, Kao-Sekken Co. Ltd., Tokyo, Japan), and was cleaned with 70% alcohol and with distilled water. The clean replica was examined under a JEM T8 electron microscope. Several materials were fixed in 2.5% glutaraldehyde, pH 7.4, prior to immersion in solution 1 mentioned above, and examined for comparison with the "unfixed" materials treated only with solution 1.
Furthermore, several tissue pieces from normal rats were incubated in Krebsincubation the tissues were immersed in solution 1 or previously in 2.5% glutaraldehyde solution and subjected to freeze-etching as described above. In birds the lipid droplets in the cytoplasm are surrounded by a tough membrane (VAGUE and FENASSE, 1965) . However, it is still uncertain whether lipid droplets in other animal species have a limiting membrane. In the locust, ODHIAMBO (1967) reported that lipid globules seem to have a distinct bounding membrane.
In rats, however, lipid droplets in white adipose tissue are not limited by any membrane (NAPOLITANO, 1963) . WILLIAMSON (1964) indicated that in rats a poorly defined membrane partly overlies the lipid droplet's surface. In the mouse, IMAIZUMI (1969) claimed The cleaved surface of the lipid accumulation appeared to be granular showing many globular structures of variable size, but at a high magnification, the entire surface showed a lamellar phase.
This granular appearance was less prominent in the central portion of lipid accumulation.
In "unfixed" materials, the globular structures seemed to consist of a central globule covered by membranous lamellae (Fig. 2) , but in fixed materials the cleaved surface of the globules indicated a lamellar phase (Fig. 3) . Similar lamellar structures have been demonstrated in lipid-water preparation (DEAMER et al., 1970) , in phospholipid granules in the lung (BELTON et al., 1971) , and in lecithin-water system (FLUCK et al., 1969) when prepared by freeze-etching methods.
The lamellar appearance of lipid accumulation in fat cells demonstrated in this study was not discovered in the previous conventional electron microscopic observations of ultra-thin sections of the cells. In fasted rats, adipose tissue was very atrophic and the fat cells had become small in size (Fig. 4) . Lipid accumulation diminished in size and the internal structure appeared to be different from that of the normal fat cells. In the cleaved surface of these cells, lipid accumulation no longer looked granular, and the lamellar phase of the surface was almost invisible.
At the periphery of the lipid accumulation canalicular or cylindrical structures were seen arranged at right angles to the limiting membrane.
This was a characteristic finding in the fat cells obtained from fasting rats.
A similar appearance of the lipid accumulation was recognized in the fat cells incubated with epinephrine. Figure 5 shows the lipid accumulation of fat cells incubated for 2hrs without epinephrine compared to those incubated for 2hrs with epinephrine. In the former cells the granular appearance of the cleaved surface was preserved, while in the latter this appearance was almost lost, although the canalicular or cylindrical structures revealed in the fasting rats were not so apparent.
These two treatments of the fat cells, i. e. fasting and epinephrine treatment, induce lipid mobilization from the fat cells. Thus, it was of great interest that these treatments caused similar morphological changes in the lipid accumulation in fat cells.
The present observations showed some different structures in fat cells, especially in their lipid accumulation, in normal and treated tissues.
Because it seems very 
